The Royal Infirmary, Sheffield 56 3DA Talbot, S. (1973) . Thorax, 28, [622] [623] [624] [625] [626] . Valvular heart disease: a study of mortality in the Sheffield population. A study of deaths due to valve disease in the community and in hospital showed that aortic valve disease was a more common cause of sudden death than was mitral valve disease. Mitral valve disease was a frequent cause of death in the elderly, but all valve lesions in the elderly were found more often in the community than in the hospital series; these were often (66%) undiagnosed prior to death, particularly in men. Evidence of combined aortic and mitral valve disease was less often overlooked.
Systemic embolism was an important factor influencing admission to hospital and was often the presenting feature.
The absence of physical findings was probably not responsible for the poor diagnostic rate in the community series. Auscultation of the heart in asymptomatic men and women over the age of 40 years must become widespread before there will be an improvement in mortality and morbidity of these conditions.
With improvement in the results of surgery of valvular heart disease, patients with all forms of disease are potential candidates for operation.
Mitral stenosis is not uncommon in the elderly (Hammond and Platts, 1960; Hargreaves, 1961) in whom the diagnosis is often overlooked. Studies of hospital necropsies have suggested that 25% of cases are over the age of 60 years and that 70 % of such cases are diagnosed in life (Hammond and Platts, 1960) . The age incidence and diagnostic accuracy may be different in patients dying at home.
Aortic stenosis is an important cause of sudden death (McGinn and White, 1934 Coroner's Office. From the causes of death, cases of valvular heart disease were selected. The pathologist's opinion as to the severity of aortic stenosis was accepted; cases of mild stenosis were excluded from the analysis. If there was mitral stenosis, this was considered severe if the valve orifice did not admit a finger tip, moderate if it would just admit a finger tip, and mild if the orifice was any larger. Cases with only mitral valve sclerosis were excluded. In addition, seven cases of mild mitral stenosis were excluded because the stenosis was probably not a cause of death, but other cases of mild mitral stenosis associated with mitral incompetence or moderate or severe aortic stenosis were included as either mixed mitral valve disease or a double valve lesion. Cases of valvular incompetence alone were always included unless the incompetence was thought to be due to ring dilatation or atheroma. The pathologist's assessment of the degree of incompetence was accepted but mild mitral incompetence was never recorded as a cause of death. Incompetence of severely stenosed valves was always considered to be severe. The sex, age, date of death and history of valvular heart disease were recorded. If the patient was under hospital treatment at the time of death this was considered evidence that valvular disease had been detected. Heart weight (Zeek, 1942) 
RESULTS
There were 179 women and 174 men with valvular heart disease in the analysis of sudden deaths (i.e., the community group) after exclusion of 31 men and 24 women because they had been referred to the coroner after death had occurred in hospital. This series comprised 2-4% of all necropsies, but 3-2% of necropsies performed on patients who had non-violent deaths. During the seven-year period there was an increase in the number of men with aortic valve disease, but the number of people dying of mitral valve disease remained unchanged and this accounted for a rise in the proportion of men over the seven-year period.
The patients have been divided into those with aortic valve disease alone (AVD, 47-6%); mitral valve disease alone (MVD, 33%); and aortic and mitral valve disease (DVD 19-4%). The mean age of men with mitral valve disease was 63-6 years and the mean age of the women was 59 6 years. However, the mean ages of the women with AVD (703 years) and DVD (64-9 years) were higher than those of the men (64-9 and 61-5 years respectively). The commonest age group at death for men with any valve lesion was 60-69 years. However, deaths due to mitral valve disease in women usually occurred in the 50-59 year age group although over twice as many women as men were over 70 years of age at death. The 70-79 year age group was the most frequent for women with AVD and DVD. Double valve disease was found three times as often in women over the age of 70 years.
In Table I Undetected congenital heart disease was found in only five cases.
The hospital group consisted of 167 patients. However, there were 22 cases who died following mitral valvotomy, eight following aortic valve replacement, six who died after aortic and mitral valve replacement, and four who died after mitral valve replacement. To evaluate the natural history of valvular heart disease these cases were excluded, leaving 85 women and 42 men; 17-4% had aortic valve disease, 57% had mitral valve disease, and 25 6% had double valve disease. The entire group made up 2-5% of all hospital necropsies.
There was no significant change in the number or type of patients admitted during the 11-year period. Aortic valve disease was as often undiagnosed in hospital practice as at home (see Table II ). DVD was rarely missed, but the diagnostic rate for mitral valve disease was only slightly better in hospital that at home. There were only two cases with associated tricuspid valve disease. The mean ages and the age group distribution of patients with each valvular lesion were similar in hospital and community groups, but because of the greater age of patients with aortic valve disease and the smaller number of such patients in hospital statistics, the average age of hospital patients was lower than that of the community. Complications were more frequent in the hospital group (Table III) . Pulmonary emboli were an important cause of death (19 cases) and probably originated in the right atrium in four cases (who had right atrial thrombus). Systemic emboli (20 cases) and cerebral emboli (16 cases) were important causes of admission. In 13 cases both were present and nine cases had both pulmonary and Table IV the valve lesions of both groups have been subdivided so that the possibility of treatment could be assessed. Patients who had had a valvotomy in the past were often described as having a scarred valve, but they have been included since the lesion was probably haemodynamically important. Mitral stenosis was diagnosed more often than mitral incompetence. Many cases of mitral and aortic stenosis would have been amenable to surgical treatment.
The heart weights of hospital cases were not significantly different from those of the community cases. Heart weights were lower in undiagnosed cases dying at home and in the patients over 70 years of age.
The final cause of death was often obscure. Since death occurred more commonly in the winter months (October to April) in the hospital group (X2=8'4 P<001) but not in the community group, sudden deaths were probably not related to respiratory infections. There was similar seasonal variation in operative deaths.
DISCUSSION
In a coroner's necropsy study aortic valve disease was the most frequent valvular lesion recorded as a cause of death. Mitral stenosis, mixed mitral valve disease, and double valve disease were also found frequently within this group of sudden deaths but in decreasing frequency. Sudden death in women was as often associated with mitral as with aortic valve disease. Isolated mild lesions have been excluded and the incidence of valvular disease including such cases would have been greater. However, the lesions recorded may have been an important cause of death. In less than 25% of cases there were other causes of death, e.g., ischaemic heart disease and emphysema. Hospital deaths were usually due to MVD or DVD.
The low diagnostic rate of the community cases may be partly factitious since patients may have been known to have cardiac murmurs. However, since no action was taken and specialist advice was not sought the importance of such murmurs was overlooked and this can be considered a failure of diagnosis. The murmur of mitral stenosis may be inaudible (Wood, 1968) and murmurs are less obvious if the cardiac output is reduced. It seems unlikely that this was the explanation for the failure of diagnosis since mitral incompetence usually produces an easily audible murmur and yet this lesion was detected less frequently than mitral stenosis. The diagnosis of valvular disease was usually made in young patients, particularly women, possibly due to more frequent medical examinations.
Valvular heart disease was not always diagnosed in the hospital cases and it seems that the frequency of this condition, particularly in the elderly, is not appreciated. Previous studies have suggested that mitral valve disease is found in 2.2% of hospital necropsies on patients aged 60 years and over (Hammond and Platts, 1960) and in 3-1 % of hospital necropsies on patients aged 50 years and over (Hargreaves, 1961) . In the former series 30% were undiagnosed, but in the latter less than 5%. This failure of diagnosis in the elderly is probably the main reason for the greater percentage of elderly women with mitral valve disease dying at home, although death may more often be sudden due to associated ischaemic heart disease in old age. Social factors precipitate the admission of elderly patients to hospital and would have the opposite effect on the number of old people admitted.
The actual number of people dying in the community of valvular heart disease cannot be determined since necropsy is usually ordered for legal reasons. The suddenness of death may overestimate the prevalence of valvular heart disease in the community but death certification of cases of heart failure as 'ischaemic heart disease' may make national statistics an underestimate. The Registrar General's figures (1968) showed that in the Sheffield region and the whole country <1% of all death certificates showed evidence of aortic and mitral valve disease. The hospital studies and this community study have all suggested that a more realistic figure is between 2 and 3 %, and even higher in the elderly.
Mitral valve disease has been considered a mild disease in the elderly, and long clinical histories have been cited as evidence for this (Cookson, 1949) . Bedford and Caird (1960) studied hospital cases and showed that the mortality rate for such patients with cardiac failure was not worse than for patients with cardiac failure due to other causes after age adjustment. However, domiciliary and hospital cases are not identical and the natural history of the majority of patients with mitral (and aortic) valve disease without overt cardiac failure is unknown. Sudden deterioration may be due to acute pulmonary oedema and the onset of rapid atrial fibrillation (Wood, 1968) . At this time atrial thrombus may form quickly with fatal cerebral or coronary embolism. The actual cause of death (and not just the findings at necropsy) cannot be determined. However, there were 60 people with mitral valve disease alone, 52 with aortic valve disease alone, and 23 with DVD below the age of 60 years in the group of sudden deaths. It is probable that in many of the elderly and most of these younger patients valvular disease was an important cause of death.
Serious ventricular arrhythmias may have been the cause of sudden death in patients with mitral as well as aortic valve disease (Bergeron, Abelmann, Vasquez-Milan, and Ellis, 1954) . There was no evidence that patients dying at home had more or less severe disease than hospital cases and the degree of cardiomegaly did not seem related to the suddenness of death. Admission to hospital was often due to cerebral emboli which occur in 14 to 20% of patients with rheumatic heart disease (Szekely, 1964; Keen and Leveaux, 1958) . Cerebral emboli were sometimes the cause of death in community cases, but other systemic emboli, which constitute 50% of the emboli in rheumatic heart disease (Daley et al., 1951) , were only a feature of the hospital group and often drew attention to the valvular disease and were the cause of admission. The rarity of previous emboli in the community cases dying of emboli confirms that the first embolism is the one most likely to be fatal (Wood, 1968) .
In view of doubt as to the aetiology of aortic valve disease no separation was made as to pathogenesis. Many cases of aortic stenosis (which was usually calcific) were probably congenital (Campbell, 1968; McGinn and White, 1934) . Mitral and double valve lesions were rheumatic.
Calculation of standardized mortality rates showed that there were increasing numbers of deaths due to aortic and mitral valve disease with increasing age. With such correction throughout life aortic valve disease was more common in men and mitral valve disease in women. The plateau in standardized mortality rate with increasing age observed in Bristol (Puffer and Griffith, 1967) was based on death certification and these conditions are overlooked in the elderly. It therefore appears that rheumatic mitral valve disease may remain active late in life and stenosis in the elderly may not have been missed in youth. White (1951) stressed the variation in the course of mitral valve disease and White and Donovan (1967) described many cases in old age. In this study, cases aged more than 70 years at death had lower heart weights, which would be compatible with late valve involvement.
There were few symptoms in the hospital and community patients and the breathlessness described by undiagnosed patients was often recorded as due to 'asthma' or 'bronchitis'. Detection of rheumatic heart disease in such cases must be improved at home and delays in investigation and subsequent treatment reduced if any significant reduction in mortality and morbidity of these diseases is to be achieved.
Digitalization to prevent the onset of rapid atrial fibrillation, early detection of bacterial endocarditis, possibly the use of anticoagulants at the onset of atrial fibrillation to prevent the formation of loose fresh thrombus (Wood, 1968) , and the use of diuretics to prevent attacks of pulmonary oedema are all medical measures that may be of value. 
